
Mahmoud et al. 
BMC Complementary Medicine and Therapies          (2024) 24:409  
https://doi.org/10.1186/s12906-024-04711-y

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

BMC Complementary
Medicine and Therapies

Anacyclus pyrethrum enhances fertility 
in cadmium-intoxicated male rats by improving 
sperm functions
Aya A. Mahmoud1*  , Mennat Allah M. Shaaban1 and Wesam T. Basal1   

Abstract 

Background Environmental pollutants, particularly heavy metals, have been frequently connected to male infertility. 
Cadmium was previously shown to reduce male fertility by causing oxidative stress. Anacyclus pyrethrum is a well-
known medicinal plant. Most of its parts, notably the roots, have excellent antioxidant and anti-inflammatory proper-
ties. The present study investigated the potential ability of Anacyclus pyrethrum to protect male rats against cadmium 
reproductive toxicity.

Methods Twenty-eight adult Wistar male rats (8 weeks old) weighing (170-200g) were randomly divided into four 
groups (n = 7): group (1) the control, group (2) was orally administrated with Anacyclus pyrethrum extract (100mg/
kg) for 56 consecutive days, group (3) received a single intraperitoneal (IP) injection of cadmium chloride (1mg/kg), 
and group (4) received a single IP dose of  CdCl2 followed by 8 weeks of oral Anacyclus extract treatment.

Results Cadmium Cd toxicity resulted in a significant decrease in the concentration of antioxidant enzymes (super-
oxide dismutase SOD and glutathione peroxidase GPx) in the semen coupled with a significant rise in malondialde-
hyde MDA level. Consequently, sperm analysis parameters were significantly affected showing decreased motility, 
viability, concentration and increased morphological aberrations. DNA fragmentation was also detected in the sperms 
of rats exposed to Cd using comet assay. Serum levels of testosterone T, follicle stimulating hormone FSH, and lutein-
izing hormone LH were significantly decreased. The mRNA expression levels of sex hormone receptors (FSHR, LHR 
and AR) in the testis of the Cd exposed rats were significantly decreased. Expression levels of Bax and Bcl2 genes 
in the sperms of Cd intoxicated rats were also affected shifting the Bax/Bcl2 ratio towards the induction of apoptosis. 
Co-treatment with the Anacyclus pyrethrum extract restored the oxidative enzymes activities and decreased the for-
mation of lipid peroxidation byproduct, which in turn ameliorated the effect of Cd on sperm parameters, sperm DNA 
damage, circulating hormone levels, gene expression and apoptosis. These results indicate that Anacyclus pyrethrum 
could serve as a protective agent against cadmium-induced sperm toxicity.

Conclusion Taken together, it can be concluded that the antioxidant activities of Anacyclus pyrethrum restored 
the semen quality and enhanced fertility in Cd-intoxicated male rats.
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Background
Exposure to environmental pollutants, including heavy 
metals, has been repeatedly linked to male infertil-
ity [1]. The data collected from human epidemiologi-
cal studies and research work on rodents proved that 
Cadmium (Cd) exposure affects male fertility by induc-
ing oxidative stress, compromising DNA integrity, 
decreasing sperm motility and viability, sabotaging the 
endocrine function, impairing spermatogenesis, and 
modulating mRNA expression of responsible genes 
[2–5]. A significant increase in the number of abnormal 
sperm, with a marked decrease in the viability, motility, 
concentration, and fertilization capacity via Cd-medi-
ated oxidative damage has been detected in both  in 
vivo  and  in vitro  studies on human, rat, mouse, and 
caprine sperm [6, 7]. A complete absence of spermato-
zoa was also observed by scanning electron microscopy 
in the testis of rat administered with a low dose of Cd 
[6]. Defective sperm functions are the most prevalent 
and difficult to treat cause of male infertility [8].

Among various causes, Cd imposed oxidative stress 
(OS) has been recognized for affecting the fertil-
ity status and physiology of spermatozoa [9]. Uncon-
trolled production of reactive oxygen species (ROS) 
that exceeds the antioxidant capacity of the seminal 
plasma leads to oxidative stress (OS) which is harm-
ful to spermatozoa [10]. Unfortunately, the evaluation 
of OS is not a routine clinical practice yet. Evaluation 
of OS status should be validated and simplified to be 
routinely performed without the need for sophisticated 
equipment [11]. For assessment of oxidative stress in 
semen, certain markers are analyzed spectrophotomet-
rically including the levels of malondialdehyde (MDA) 
and semen concentration of glutathione peroxidase 
(GPx) and superoxide dismutase (SOD) [12, 13]. Pre-
vious work has pointed out the preferential binding 
of Cd to the sulfhydryl groups of certain antioxidant 
enzymes like SOD and GSH. The depletion of the ─SH 
group is considered as an indirect mechanism of Cd-
induced oxidative stress [6, 14]. In the routine semen 
analysis sperm concentration, motility, and morphol-
ogy are analyzed. However, 15% of males with normal 
sperm analysis profiles still showed fertility problems. 
Therefore, to duly diagnose male infertility, it may be 
necessary to measure other sperm parameters [15–
17]. Increased OS levels result in DNA oxidation and 
compromises its integrity in the sperms. DNA frag-
mentation was shown to be a major indicator of fer-
tility potential, even more than conventional semen 
parameters but its inclusion in routine semen analysis 
is still undervalued [17]. Comet assay for sperms has 
been applied in several studies to evaluate the effect of 

reproductive toxins and genotoxins in male human and 
rats [18, 19].

Serum levels of FSH, LH and T are good indicators 
of fertility status [20, 21]. Cd is a known endocrine dis-
ruptor that mainly targets hypothalamic-pituitary axis, 
hence may affect the circulating levels of sex hormones 
[22]. Low serum levels of these hormones were previ-
ously discovered in male rats exposed to cadmium [23, 
24].

Several studies provided solid evidence for the pivotal 
role of oxidative stress in the negative regulation of ster-
oidogenesis and spermatogenesis by reduction of mRNA 
levels produced by the responsible genes [25]. Oxidants, 
antioxidants, and other determinants of the intracellu-
lar reduction–oxidation state play an important role in 
the regulation of gene expression [26]. Spermatogenic 
cells eliminate oxidative DNA by apoptosis through 
p53-dependent and -independent mechanisms, which at 
higher activities may lead to male infertility [27]. Real-
time PCR, a commonly accepted tool now in reproduc-
tive biology, is used for measuring the expression levels 
of genes involved in production of proteins affecting 
spermatogenesis and the induction of apoptosis in germi-
nal cells of testis and spermatozoa [28, 29].

Anacyclus pyrethrum, also known as Akarkara, is an 
important annual medicinal herb. Most of its parts, espe-
cially roots, are used in traditional medicine [30]. It was 
reported earlier that the roots of  Anacyclus pyrethrum 
possess some powerful pharmacological properties 
including anticancer, memory-enhancing, immunostim-
ulant, antidepressant, anticonvulsive, aphrodisiac, andro-
genic, antibacterial, antioxidant, and anti-inflammatory 
effects [31–33]. It is also well-known in Indian medicine 
as a tonic and rejuvenator [34, 35].

The therapeutic ability of Anacyclus pyrethrum may be 
attributed to its antioxidant effect which in turn prevents 
DNA oxidative damage and cytotoxicity [32, 33, 36]. Its 
antioxidant potential has been correlated with its uses 
as an anticonvulsant, brain tonic [37], anti-inflammatory 
[38], anti-cancer [39], protective agent against neuro-
logical disorders associated with oxidative stress (such as 
Alzheimer’s and Parkinson’s diseases) [40] and anti-dia-
betic [41]. Recently, Baslam et al. proved that Anacyclus 
pyrethrum extract protects male rats’ brain tissue from 
oxidative damage by reducing MDA levels and increasing 
CAT and SOD [42, 43].

The antioxidant and anti-inflammatory attributes of 
Anacyclus pyrethrum were previously employed for 
the systemic detoxification of copper induced toxicity 
in zebrafish [44]. Most importantly, the root extract of 
Anacyclus pyrethrum was shown to improve fertility via 
four different pathways: 1. direct or indirect influence 
on serum levels of sex hormones [35, 45]. 2. Enhancing 
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spermatogenesis which ultimately helps in improving 
reproductive potential [34, 45]. 3. Reduction of sperm 
morphological abnormalities by the antioxidant effects of 
Anacyclus extract [46]. 4. Protection against sexual disor-
ders induced by oxidative stress and apoptosis [47]. Pre-
vious studies showed that administration of Anacyclus 
root extract increased fertility of male rats by elevating 
sperm count, motility, vitality, and seminal fructose level. 
It was also found to increase the serum levels of testos-
terone, luteinizing hormone and follicle stimulating hor-
mone in healthy male rats [34, 45–50]. Moreover, Sharma 
et  al. observed sustained sexual function improvement 
in male rats 7 and 15 days after withdrawal of Anacyclus 
extract compared to testosterone-treated rats [45].

Historically, animal models played a pivotal role from 
early reproductive basic research to modern  techniques 
like artificial insemination and in vitro fertilization [51]. 
The Wistar rat model offers translational relevance to 
human fertility owing to similarities in reproductive anat-
omy, hormonal regulation, and physiological responses 
to human [52].

This study aims at the evaluation of Cd-induced sperm 
toxicity by measuring the effect of oxidative stress on 
semen analysis parameters, DNA fragmentation, serum 
hormonal levels, and the expression levels of spermato-
genic and apoptotic genes. It also investigated the ame-
liorative role of the medicinal herb Anacyclus pyrethrum 
in regaining semen quality.

Materials and methods
Materials
Cadmium chloride  (CdCl2) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). High quality Anacyclus 
pyrethrum roots, commonly known as Akarkara, was 
purchased from MB herbals (Ahmedabad, India).

Preparation and identification of Anacyclus pyrethrum 
extract
The biologically active components were extracted from 
100 g of well grinded dried Anacyclus pyrethrum roots 
using methanol at room temperature, following the 
methodology described by Manouze et  al. [53]. The fil-
trate was evaporated by a rotary evaporator (Hei-Vap 
Value HL/HB/G1, Heidolph, Schwabach, Germany) at 
30°C. Stock solution (100 mg/mL) was prepared by dis-
solving the residues (16.8% w/w) in distilled water with 
continuous stirring for 12 h. The solution was stored at 
4℃ and used to prepare 20 mg/mL working solution.

The extract’s phenol content was determined using 
High Performance Liquid Chromatography (HPLC) (Agi-
lent 1260 infinity, Waldbronn, Germany). All experiments 
and techniques adhere to the IUCN Policy Statement on 

Research Involving Species at Risk of Extinction and the 
Convention on the Trade in Endangered Species of Wild 
Fauna and Flora.

Experimental animals
Twenty-eight adult (8  weeks old) Wistar male rats 
(weighing 170–200 g) were purchased from the National 
Research Center, Egypt. The animals were examined by 
a vet and kept in a climate-controlled room (20–22  °C 
temperature and 50–55.5% relative humidity) under an 
alternating 12-h light/dark cycle. The rats were supplied 
with standard chow and water ad libitum [54]. All experi-
ments and procedures followed ARRIVE guidelines and 
were approved by The Institutional Animal Care and Use 
Committee (IACUC), Faculty of Science, Cairo Univer-
sity (approval number (CU/I//F/53/21)). All experiments 
were carried out consistently with relevant guidelines 
and regulations.

Experimental design
Male Wistar rats were randomly and equally divided into 
four groups (n = 7) as follows:

Group 1 (G1) or the control group, received a sin-
gle intraperitoneal (IP) injection with  CdCl2 vehicle 
(saline) and 8 weeks oral gavage of water (vehicle of 
Anacyclus pyrethrum extract).
Group 2 (G2) received 100 mg/kg of the Anacyclus 
pyrethrum extract daily for 8 weeks using oral tube 
[35].
Group 3 (G3) received a single IP injection of 1 mg/
kg of  CdCl2 dissolved in saline solution [55].
Group 4 (G4) received a single IP injection of 1 mg/
kg  CdCl2, simultaneously with the 8-week Anacyclus 
extract treatment according to Basal et al. [54].

After eight weeks, animals were euthanized by intra-
peritoneal injection of 50 mg/kg of sodium pentobarbital 
followed by decapitation.

Sperm motility and concentration
Sperms in epididymal suspension were loaded into a 
hemocytometer’s counting chamber and covered with 
a cover slip. Five fields per sample were examined  ran-
domly on a warm plate of CX43 phase-contrast micro-
scope (Olympus, Tokyo, Japan) at 40 × magnification. 
Sperm motility was determined according to the method 
given by El-Magd et al. [56] and sperm concentration by 
Yokoi et al. [57].

Sperm viability and morphology
Sperm viability and morphological abnormalities 
were detected using eosin-nigrosin (EN) staining 
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(Sigma-Aldrich, St. Louis, MO, USA). At least 200 sper-
matozoa from each animal were analyzed using a BX40 
bright field microscope (Olympus, Tokyo, Japan) at 
400 × magnification. The proportion of sperm cell via-
bility and abnormalities was recorded according to the 
standards reported by Okamura et al. [58].

Evaluation of DNA fragmentation using comet assay
The alkaline comet assay, previously described by Tice 
et  al. [59], was used to determine the degree of DNA 
strand breaks in the sperms of control and treated 
groups. About 1 g of sperm cell pellet was homogenized 
in 1 ml of cold mincing solution and then resuspended 
in darkness. Komet 5.0 analysis system developed by 
Kinetic Imaging, Ltd. (Liverpool, United Kingdom) con-
nected to a charge-coupled device (CCD) camera and 
40 × objective of fluorescence microscope (Olympus, 
Tokyo, Japan) with excitation filter 420–490 nm (issue 
510 nm) was used for comet analysis.

Assessment of oxidative stress markers
Oxidative stress markers in the semen of cadmium and/
or Anacyclus pyrethrum treated rats were assessed col-
orimetrically using commercial kits (Bio-diagnostic, 
Giza, Egypt). The level of malondialdehyde (MDA) (Cat. 
No. MD2529) and the activities of superoxide dismutase 
(SOD) (Cat. No. SD2521), and glutathione peroxidase 
(GPx) (Cat. No. GP2524) measurements were carried out 
following the manual provided by the manufacturer and 
the guidelines described by Ohkawa et al. [60], Nishikimi 
et al. [61], and Paglia and Valentine [62] respectively.

Hormonal assay
Serum reproductive hormone levels were measured 
using commercial ELISA kits for luteinizing hormone 
(LH) (Novus Biologicals, Cat. No. NBP2-61257, Abing-
don, USA), follicle-stimulating hormone (FSH) (Abnova, 
Cat. No. KA2330, Taipei, Taiwan), and testosterone (Cus-
abio, Cat. No. CSB-E05097r, Houston, USA). Analysis 
was conducted at 450 nm according to the manufactur-
er’s protocol [63].

Determining fold change of hormonal receptors 
and apoptotic genes using real time PCR
Total RNA was extracted from testis tissue and semen 
using GeneJET™ RNA extraction kit (Thermo Fisher 
Scientific Inc., Rochester, New York, USA, #K0731) 
according to the manufacturer’s protocol. RNA was 
converted into complementary DNA (cDNA) using 
Revert Aid H minus First Strand cDNA Synthesis kits 
(Thermo Fisher Scientific Inc., Rochester, New York, 
USA, #K1632) according to the manufacturers pro-
tocol. The isolated cDNA along with β-actin (as an 

internal reference) were amplified using 2X Maxima 
SYBR Green/ROX qPCR Master Mix following the 
manufacturer protocol (Thermo Fisher scientific Inc., 
Rochester, New York, USA, # K0221) and gene spe-
cific primers (Table 1). The polymerase chain reaction 
mixture was placed in a StepOnePlus real time ther-
mal cycler (Thermo Fisher Scientific Inc., Rochester, 
New York, USA) to produce a melt curve. The fold 
changes of target genes were calculated by normaliz-
ing the quantities critical threshold (Ct) of target genes 
with (Ct) of the housekeeping gene (ß-actin) using the 
 2−∆∆Ct method [64].

Statistical analysis
All data was displayed as means ± S.E. Shapiro–Wilk test 
was used to check the normality of data distribution. Esti-
mation of statistical significance by one-way analysis of 
variance (ANOVA) was carried out using SPSS software 
(SPSS Inc. Released 2009. PASW Statistics for Windows, 
Version 18.0. Chicago, USA) and individual compari-
sons were obtained using Duncan’s multiple range test 
(DMRT). P-values less than 0.05 were considered statisti-
cally significant.

Results
Identification of Anacyclus pyrethrum methanolic extract 
using HPLC
HPLC analysis of the methanolic extract of the Anacyclus 
pyrethrum roots revealed the presence of sixteen phe-
nolic compounds, as shown in Table 2 and Fig. 1.

Semen analysis
Sperm motility and concentration
Sperm analysis of the rats’ epididymal semen showed 
that sperm motility was significantly decreased (P ≤ 0.05) 
in the Cd-treated group (51.44 ± 2.5) compared to the 
control group (93.7 ± 3.62). Co-administration of Anacy-
clus extract with cadmium significantly increased sperm 
motility (70.07 ± 3.42) compared to Cd-intoxicated rats 

Table 1 Sequence of Forward and reverse primers used in qPCR

Gene Forward primer (/5 ------ /3) Reverse primer (/5 ------ /3)

FSHR GAG TCA TCC CGA AAG GAT CA TAA AAT GAC TGG CCC AGA GG

LHR AGA GTG ATT CCC TGG AAA GGA TCA TCC CTT GGA AAG CAT TC

AR TTA CGA AGT GGG CAT GAT GA ATC TTG TCC AGG ACT CGG TG

Bax ACA CCT GAG CTG ACC TTG AGC CCA TGA TGG TTC TGA TC

Bcl2 ATC GCT CTG TGG ATG ACT GAG 
TAC 

AGA GAC AGC CAG GAG AAA 
TCA AAC 

β-actin ACT ATT GGC AAC GAG CGG TT CAG GAT TCC ATA CCC AAG 
AAGGA 
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(P ≤ 0.05). In the  Anacyclus-treated  group, the percent-
age of sperm motility was 95.51 ± 3.85, which showed 
no significant difference compared to the control group 
(Fig. 2A).

Rats treated with 100 mg/kg  Anacyclus  extract had a 
sperm concentration of 79.11 ± 6.00, with no significant 
change compared to the control group (76.05 ± 5.22). The 
sperm concentration recorded in the cadmium-treated 
group (15.47 ± 1.94) was significantly lower (P ≤ 0.05) 
than in the control group. The sperm concentration 
increased significantly (34.53 ± 3.88) when cadmium was 
combined with  Anacyclus  extract compared to the Cd-
treated group (Fig. 2B).

Sperm viability and morphology
The obtained results revealed that cadmium caused a 
significant decrease (P ≤ 0.05) in viability (47.53 ± 2.1) 
accompanied by a significant increase (P ≤ 0.05) in 
sperm abnormalities (26.09 ± 1.74) when compared to 
the control group (92.81 ± 3.27, 7.00 ± 0.48) respectively. 
In cadmium and Anacyclus treated  group, the percent-
age of viable sperms (72.48 ± 3.27) was significantly 
increased (P ≤ 0.05), and the total sperm abnormali-
ties (17.92 ± 0.82) was significantly decreased (P ≤ 0.05) 
compared to the Cd group while was still  significantly 
higher than that of the control group (Fig.  2C). In 

Table 2 HPLC analysis of the methanolic extract of Anacyclus 
pyrethrum roots. Wavelength = 280 nm

Number Phenolic 
content

Retention 
time (min)

Area Quantity (mg/kg)

1 Gallic acid 2.84 1127.27 111.559

2 P- hydroxyben-
zoic

4.68 11.51 8.728

3 Catechin 5.66 39.20 56.674

4 Vanillic acid 6.12 33.16 16.388

5 Chlorogenic acid 6.79 28.07 26.099

6 P- coumaric acid 7.96 159.96 35.254

7 Ferulic acid 9.35 155.56 175.342

8 O- coumaric acid 9.70 294.58 51.599

9 Rutin 10.84 775.87 322.473

10 Hesperidin 12.07 106.79 64.190

11 Resveratrol 12.38 435.11 375.787

12 Myricetin 13.00 1701.63 604.420

13 Rosemarinic acid 13.74 161.08 203.625

14 Quercetin 14.40 71.80 227.703

15 Kaempferol 15.76 12.33 5.129

16 Apigenin 16.63 18442.21 822.841

Fig. 1 HPLC analysis of the methanolic extract of Anacyclus pyrethrum roots
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addition, there were no significant differences of sperm 
viability (94.65 ± 3.69) and morphological abnormalities 
(6.84 ± 0.51) between Anacyclus extract treated group 
and the control group (Fig. 2 C, D).

Sperm lipid peroxidation and antioxidant activities
The MDA was significantly overproduced (P ≤ 0.05) in 
epididymal semen of Cd intoxicated rats (9.14 ± 0.18) 
compared to the control group (4.81 ± 0.24). A signifi-
cant decrease (P ≤ 0.05) in the MDA level was observed 
upon the co-treatment of  Anacyclus  extract with Cd 
(5.87 ± 0.44) compared to the group that received cad-
mium alone. Moreover, there was no significant difference 
observed in the MDA level between the Anacyclus extract 
group (4.59 ± 0.29) and the control group (Fig. 3A).

Meanwhile, the concentrations of superoxide dis-
mutase (SOD) and glutathione peroxidase (GPx) were 
significantly decreased (P ≤ 0.05) in the seminal fluid of 
the cadmium treated group (571.57 ± 6.84 for SOD and 
326.42 ± 3.16 for GPx) compared to the control group 
(807.77 ± 4.51 and 487.14 ± 2.51, respectively). The con-
centrations of semen SOD and GPx showed a significant 

rise (P ≤ 0.05) in cadmium and Anacyclus treated group 
(694.71 ± 5.52 and 438.42 ± 3.18, respectively) compared 
to the semen of Cd intoxicated group. The enzyme levels 
in semen of rats exposed to 100 mg/kg Anacyclus extract 
were not considerably different from the control group 
with values of 798.71 ± 4.79 for SOD and 484.85 ± 2.29 for 
GPx (Fig. 3B, C).

Reproductive hormones levels (FSH, LH and T)
The serum levels of  FSH,  LH, and T in rats exposed 
to 100 mg/kg of  Anacyclus  extract were 6.95 ± 0.32, 
33.42 ± 1.36 and 7.81 ± 0.40, respectively, which did not 
significantly differ from that recorded for the control 
group (6.74 ± 0.36, 32.91 ± 1.22, and 7.27 ± 0.36). Cad-
mium- treated rats showed a significant drop in serum 
levels of the three reproductive hormones as compared 
to the control group (2.9 ± 0.15 for  FSH, 19.64 ± 1.02 
for LH, and 1.04 ± 0.09 for T). Meanwhile, the FSH, LH, 
and  T  levels were significantly increased in the Cd 
and Anacyclus  treated group (4.16 ± 0.2, 4.16 ± 0.2, and 
3.55 ± 0.21 respectively) compared to the Cd group levels 
(Fig. 4 A, B, C).

Fig. 2 A histogram showing the effect of cadmium or/and Anacyclus pyrethrum extract treatment for eight weeks on sperm parameters of male 
Wistar rats in all experimental groups. A Sperm motility (%), (B) Sperm concentration  (106/ml), (C) Sperm viability (%), and (D) Sperm abnormality 
(%). G1: Control, G2: Anacyclus extract treated group, G3: Cadmium treated group, G4: Cadmium and Anacyclus extract treated group. Data 
is presented as mean ± standard error (S.E.). Different letters represent significant differences (P ≤ 0.05) between experimental groups
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Fold change of FSHR, LHR and AR genes
The relative gene expression of FSHR, LHR, and AR 
in Anacyclus extract-treated rats was 0.97 ± 0.07, 
0.90 ± 0.09, and 0.95 ± 0.07, respectively, showing no 
significant difference compared to the control group. 
In the cadmium-treated group, the mean of fold 
changes of FSHR (0.26 ± 0.02), LHR (0.11 ± 0.01), and 
AR (0.38 ± 0.01) were significantly decreased (P ≤ 0.05) 
when compared to the control group. Anacyclus co-
administration with cadmium resulted in a signifi-
cant reduction in the mean of fold changes for FSHR 
(0.44 ± 0.04), LHR (0.55 ± 0.04), and AR (0.62 ± 0.02) 
compared to the control group (Fig. 4D).

Assessment of sperm DNA fragmentation by comet assay 
(single cell gel electrophoresis, SCGE)
The tail length and tail moment recorded in  the Ana-
cyclus  extract treated group, were 2.10 ± 0.14 and 
4.22 ± 0.16 respectively, showing insignificant differ-
ence compared to the control group (1.76 ± 0.13 and 
2.97 ± 0.14). In the cadmium-treated rats, the tail length 
and tail moment (16.50 ± 0.72, 178.86 ± 8.29) were sig-
nificantly increased (P ≤ 0.05) compared to the control 

group. The co-administration of  Anacyclus  with Cd 
significantly increased tail length and tail moment 
(7.65 ± 0.36, 42.99 ± 2.90) compared to the Cd treated 
group (Table 3, Fig. 5).

Apoptotic and pro-apoptotic gene fold changes (Bax and 
Bcl2)
The mean fold changes for Bax (0.96 ± 0.04) and Bcl2 
(0.97 ± 0.07) calculated for the  semen of Anacyclus-
treated group were not significantly changed compared to 
the control group. In the cadmium group, the fold mean 
change for Bax (2.19 ± 0.15) was significantly increased 
(P ≤ 0.05), while the fold change for Bcl2 (0.49 ± 0.05) 
was significantly decreased when compared to the con-
trol group. In comparison to the cadmium treated group, 
the group co-administrated with  Anacyclus  and cad-
mium showed a significant decrease in the gene expres-
sion of Bax (1.36 ± 0.09) and a significant increase of Bcl2 
(0.78 ± 0.02) gene expression (Fig. 6).

Discussion
Cadmium is widely used in different industrial applica-
tions producing high amounts of the heavy metal that is 
progressively accumulated owing to its long half-life. Cd 

Fig. 3 A histogram showing the effect of cadmium or/and Anacyclus pyrethrum extract administration for eight weeks sperm oxidative markers 
in all experimental groups. A The level of Malondialdehyde (MDA), (B) Superoxide dismutase (SOD), and (C) Glutathione peroxidase (GPx). G1: 
Control, G2: Anacyclus extract treated group, G3: Cadmium treated group, G4: Cadmium and Anacyclus extract treated group. Data is presented 
as mean ± standard error (S.E.). Different letters represent significant differences (P ≤ 0.05) between experimental groups
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toxicity might result in reproductive failure, infertility, 
DNA damage and cancer development [65].

A generally recognized mechanism of Cd reproductive 
toxicity is increasing the reactive oxygen species (ROS) 
which induces oxidative stress leading to compromised 
sperm quality, impaired spermatogenesis, DNA dam-
age, inhibition of DNA repair system, disrupted hor-
monal functions, altered gene expression and apoptosis 
[66, 67]. Upon administration of Cd, we recorded a sig-
nificant increase in MDA level in semen which might be 
due to the recorded significant decrease in the activity 

of the antioxidants (SOD and GPx) and the increased 
ROS production due to Cd toxicity [68, 69]. Research 
has shown that Cd preferentially binds to the sulfhydryl 
group (─SH)-containing molecules like SOD and GSH. 
The depletion of the ─SH group is considered as an indi-
rect mechanism of Cd-induced oxidative stress [6, 14]. It 
was also reported that Cd might disrupt the expression 
of the antioxidant enzymes during the transcriptional 
stage [70]. The same  observations were recorded in a 
previous work in caprine spermatogenic cells after Cd 
administration [6].

Fig. 4 A histogram showing serum reproductive hormones levels and means of fold changes of hormone receptor genes in testicular 
tissue collected from all rats in the four groups. A Testosterone T, (B) Follicle-stimulating hormone FSH, (C) Luteinizing hormone LH, and (D) 
Follicle-stimulating hormone receptor (FSHR), luteinizing hormone receptor (LHR) and androgen receptor (AR). G1: Control, G2: Anacyclus extract 
treated group, G3: Cadmium treated group, G4: Cadmium and extract treated group. Data is presented as mean ± standard error (S.E.). Different 
letters represent significant differences (P ≤ 0.05) between experimental groups

Table 3 Comet assay parameters obtained by image analysis for sperms

Data is presented as mean ± standard error (S.E.). Means within the same column carrying different superscript letters are significantly different (P ≤ 0.05)

Group/parameter Tailed % Untailed % Tails length µm Tail DNA% Tail moment

Control (G1) 2.5 97.5 1.76 ± 0.13 c 1.69 2.97 ± 0.14 c

Anacyclus pyrethrum (G2) 3.5 96.5 2.10 ± 0.14 c 2.01 4.22 ± 0.16 c

Cadmium (G3) 40 60 16.50 ± 0.72 a 10.84 178.86 ± 8.29a

Cadmium and Anacyclus (G4) 22 78 7.65 ± 0.36 b 5.62 42.99 ± 2.90b
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A decrease in MDA level and enhanced activities of 
SOD and GPx were observed in the semen of the group 
co-administered with Anacyclus pyrethrum and Cd. These 
results are congruent with the findings of El-Kholy et  al. 
and Baslam et al. [42, 43, 47], who observed a reduction in 
MDA levels along with SOD, GPx elevation and suggested 

a therapeutic strategy of Anacyclus pyrethrum bioactive 
constituents by targeting oxidative stress in male rats’ tes-
tis and brain. Although the results of our study agree with 
previous studies where they proved the antioxidant activ-
ity of Anacyclus pyrethrum, none of them investigated the 
antioxidant activity of the plant extract in semen [32, 33].

Fig. 5 Photomicrographs showing the extent of DNA damage in sperms of rats in all experimental groups as detected by comet assay. A Control, 
(B) Anacyclus pyrethrum extract treated group, (C) Cadmium treated group, (D) Cadmium and Anacyclus extract treated group

Fig. 6 A histogram showing means of fold changes for Bcl-2 Associated X-protein (Bax), and B-cell lymphoma-2 (Bcl-2) genes in rats epididymal 
semen collected from all experimental groups. G1: Control, G2: Anacyclus extract treated group, G3: Cadmium treated group, G4: Cadmium 
and Anacyclus extract treated group. Data is presented as mean ± standard error (S.E.). Different letters represent significant differences (P ≤ 0.05) 
between experimental groups
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We found that the administration of Cd resulted in a 
significant decrease in sperm concentration, motility, via-
bility and altered sperm morphology. Although low lev-
els of ROS are required for normal sperm concentration 
and functions, excessive ROS production might affect the 
semen quality by inducing peroxidation of polyunsatu-
rated fatty acid (PUFA) and oxidative DNA strand breaks 
leading to impaired sperm concentration and func-
tions [71, 72]. Several previous studies have reported a 
decrease in sperm concentration, motility and viability of 
mice, rats, and human as a result of exposure to cadmium 
[49, 54, 73, 74].

On the other hand, Anacyclus pyrethrum extract was 
able to significantly improve sperm parameters when 
administrated with Cd. In line with our findings, several 
previous studies proved that the extract of Anacyclus 
pyrethrum had the ability to improve the semen analysis 
parameters [35, 50, 75]. As detected by HPLC analysis, 
Anacyclus roots extract was shown to contain apigenin, 
rutin, ferulic acid, chlorogenic acid quercetin, myricetin, 
kaempferol and resveratrol. Previous research has shown 
that the antioxidant properties of these compounds 
improved sperm quality by lowering lipid peroxidation 
levels and increasing the antioxidant enzymes activities 
(SOD and GPx) [76–83].

In the current study, exposure to cadmium caused sig-
nificant DNA damage as detected by the single-cell gel 
electrophoresis assay. Many recent studies demonstrated 
that sperm DNA integrity is a determining factor in nor-
mal fertilization and transmission of paternal genetic 
information. Consequently, examination of DNA integ-
rity became a pivotal part in routine laboratory analysis 
to provide a full picture of semen functionality [84]. In 
a previous study, comet assay in epididymal sperms of 
adult male rats suffered from a significant DNA damage 
in all of the three Cd treated groups [85]. In our study 
we observed that administration of Anacyclus pyrethrum 
with Cd protects the sperm cells from DNA damage. 
The protective effect of Anacyclus pyrethrum might be 
attributed to its strong antioxidant effect which in turn 
prevents DNA oxidation and damage [33, 85]. The effec-
tive antioxidant properties of quercetin, rutin, gallic 
acid, rosmarinic acid, resveratrol, and apigenin might be 
the main reason for protecting sperms against oxidative 
DNA damage [83, 86–89]. Onuoha et  al. [88] demon-
strated the efficacy of combined administration of rutin, 
quercetin, and gallic acid in reducing cadmium-induced 
testicular DNA damage compared to their individual 
administration.

Cadmium acts as an endocrine disruptor and was 
proven to affect the hormones responsible for sper-
matogenesis and sperm development [72]. Our study 
revealed that cadmium administration significantly 

diminished the serum levels of follicle stimulating hor-
mone (FSH), luteinizing hormone (LH) and testoster-
one (T). Similar results were found in previous work as 
they reported that cadmium significantly reduced the 
levels of LH, FSH and T in blood of rats [54, 90, 91]. 
They explained their findings by cadmium interference 
with the synthesis and regulation of the circulating  
levels of several hormones, including T, FSH, and LH 
[2, 91].

The co-administration of Anacyclus pyrethrum sig-
nificantly elevated the blood circulating levels of LH, 
FSH and testosterone. In consistency with our results, 
previous studies found that the level of T, LH and FSH 
were significantly increased in the serum of albino rats 
after treatment with Anacyclus pyrethrum root extract 
[47, 49, 50]. This might be attributed to the ability of the 
extract to boost the function of Sertoli and Leydig cells as 
reported for the effect of walnut leaf extract in previous 
work [92]. According to the findings of Hasanein et  al. 
[78], Osawe and Farombi [80] and Jaz et al. [81], Khafaji 
[82] the ameliorative effects of ferulic acid, quercetin, 
rutin, myricetin and kaempferol on Leydig and Sertoli 
cells may be involved in restoring serum reproductive 
hormones levels.

The present study showed that the relative mRNA 
expression levels of FSHR, LHR, AR genes were mark-
edly downregulated in the Cd intoxicated animals which 
might affect the normal progression of spermatogen-
esis. Several previous studies indicated that intraperito-
neal injection of low doses of Cd in rats downregulated 
relative mRNA expression of the same genes [93, 94]. On 
the other hand, we found that co-administration Ana-
cyclus pyrethrum extract alleviated the effects of Cd on 
gene expression. A previous study showed the potential 
of kaempferol to upregulate the gene expression of LH 
and FSH receptors, thus improving the reproductive hor-
mones production [82].

Oxidative stress-induced apoptosis in sperm is a criti-
cal regulator of fertility [95]. In our work, exposure to 
Cd pronouncedly altered mRNA expression of both 
Bax (pro-apoptotic gene) and Bcl-2 (anti-apoptotic 
gene), where the expression of Bax was upregulated, 
and the expression of Bcl-2 was downregulated indicat-
ing the induction of apoptosis. Long-term exposure to 
 Cd2+  upregulates the expression of p53 that binds with 
Bax, Bcl-2, and Bcl-xl to enhance pore formation in mito-
chondrial membrane. This is followed by releasing cyt-c 
to catalyze the activation of procaspase-3 to caspase-3 
and causing apoptosis of the target cell [96]. Our observa-
tions were in line with the results recorded previously for 
Cd effect on the expression levels of Bax and Bcl-2 genes 
in testis of mice and rats [6, 97]. Anacyclus pyrethrum 
extract was able to counter the apoptotic effects of Cd by 
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downregulating the expression of Bax and upregulating 
the expression of Bcl-2. The presence of chlorogenic acid, 
apigenin, quercetin and hesperidin in the extract of Ana-
cyclus roots may be attributed to the protection against 
testicular tissue apoptosis associated with oxidative stress 
[76, 79, 98, 99].

Conclusion
The current work evaluated the effect of Cd toxicity on 
the semen quality. Besides significantly decreasing the 
semen analysis parameters (concentration, motility, via-
bility, and morphology), Cd also significantly increased 
oxidative stress levels in the semen leading to a signifi-
cant increase in DNA damage. The work also proved that 
Cd disrupted the circulating levels of LH, FSH, and T 
along with the modulation of mRNA expression levels of 
spermatogenic genes and Bax/Bcl-2 ratio. This work and 
previous work showed that new semen parameters other 
than the traditional ones (like oxidative stress and gene 
toxicity) should be considered in routine semen analysis. 
The study also showed the ability of Anacyclus pyrethrum 
root extract to restore the semen qualities in Cd intoxi-
cated rats.

Abbreviations
Cd  Cadmium
CdCl2  Cadmium chloride
SOD  Superoxide dismutase
GPx  Glutathione peroxidase
MDA  Malondialdehyde
T  Testosterone
FSH  Follicle stimulating hormone
LH  Luteinizing hormone
FSHR  Follicle stimulating hormone receptor
LHR  Luteinizing hormone receptor
AR  Androgen receptor
OS  Oxidative stress
ROS  Reactive oxygen species
HPLC  High Performance Liquid Chromatography
G1  Group (1) Control group
G2  Group (2) Anacyclus pyrethrum extract treated group
G3  Group (3) Cadmium treated group
G4  Group (4) Cadmium and Anacyclus extract treated group
EN  Eosin-nigrosin stain
PUFA  Polyunsaturated fatty acid

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12906- 024- 04711-y.

Supplementary Material 1. 

Authors’ contributions
Mahmoud*, A.A.: the corresponding author. She made substantial contribu-
tions to the design of the work, the acquisition, analysis, and interpretation 
of data. Shaaban, M.M.: substantial contributions in acquisition, analysis, and 
interpretation of data. Basal, W.T.: He made substantial contributions to the 
conception, design of the work, and the acquisition, analysis, and inter-
pretation of data. He also revised the manuscript. All authors reviewed the 
manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
All experiments and procedures were performed in accordance with ARRIVE 
guidelines and were consented by The Institutional Animal Care and Use 
Committee (IACUC), Faculty of Science, Cairo University with the approval 
number (CU/I//F/53/21).

Contest for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 20 April 2024   Accepted: 14 November 2024

References
 1. Wirth JJ, Mijal RS. Adverse effects of low level heavy metal exposure on 

male reproductive function. Syst Biol Reprod Med. 2010;56(2):147–67. 
https:// doi. org/ 10. 3109/ 19396 36090 35822 16.

 2. De Angelis C, Galdiero M, Pivonello C, Salzano C, Gianfrilli D, Piscitelli 
P, Lenzi A, Colao A, Pivonello R. The environment and male reproduc-
tion: the effect of cadmium exposure on reproductive function and its 
implication in fertility. Reprod Toxicol. 2017;73:105–27. https:// doi. org/ 10. 
1016/j. repro tox. 2017. 07. 021.

 3. Pavlova E, Atanassova N. Impact of cadmium on male fertility. Acta 
Morphol et Anthropol. 2018;25(1–2):108–16. http:// www. iempam. bas. bg/ 
journ als/ acta/ arhiv/ acta2 5a/ 108- 116. pdf.

 4. Genchi G, Sinicropi MS, Lauria G, Carocci A, Catalano A. The effects of cad-
mium toxicity. Int J Environ Res Public Health. 2020;17(11):3782. https:// 
pubmed. ncbi. nlm. nih. gov/ 32466 586.

 5. Zhu Q, Li X, Ge RS. Toxicological effects of cadmium on mammalian testis. 
Front Genet. 2020;11:527. https:// doi. org/ 10. 3389/ fgene. 2020. 00527.

 6. Bhardwaj JK, Panchal H, Saraf P. Cadmium as a testicular toxicant: A Review. 
J Appl Toxicol. 2021;41(1):105–17. https:// doi. org/ 10. 1002/ jat. 4055.

 7. Panchal H, Bhardwaj JK. Quercetin supplementation alleviates cad-
mium induced genotoxicity-mediated apoptosis in caprine testicular 
cells. Biol Trace Elem Res. 2024;202:1–14. https:// doi. org/ 10. 1007/ 
s12011- 023- 04038-8.

 8. Sikka SC. Oxidative stress and role of antioxidants in normal and abnormal 
sperm function. Front Biosci. 1996;1(5):78–86. https:// doi. org/ 10. 2741/ a146.

 9. Agarwal A, Makker K, Sharma R. REVIEW ARTICLE: clinical relevance of oxi-
dative stress in male factor infertility: an update. Am J Reprod Immunol. 
2008;59:2–11. https:// doi. org/ 10. 1111/j. 1600- 0897. 2007. 00559.x.

 10. Desai NR, Mahfouz R, Sharma R, Gupta S, Agarwal A. Reactive oxygen 
species levels are independent of sperm concentration, motility, and absti-
nence in a normal, healthy, proven fertile man: a longitudinal study. Fertil 
Steril. 2010;94(4):1541–3. https:// doi. org/ 10. 1016/j. fertn stert. 2009. 12. 041.

 11. Bansal AK, Bilaspuri GS. Impacts of oxidative stress and antioxidants on 
semen functions. Vet Med Int. 2010;2010:686137. https:// doi. org/ 10. 4061/ 
2011/ 686137.

 12. Mouro VGS, Martins ALP, Silva J, Menezes TP, Gomes MLM, Oliveira JA, 
Melo FCSA, Matta SLP. Subacute testicular toxicity to cadmium exposure 
intraperitoneally and orally. Oxid Med Cell Longev. 2019;2019:3429635. 
https:// doi. org/ 10. 1155/ 2F2019/ 2F342 9635.

 13. Shi X, Fu L. Piceatannol inhibits oxidative stress through modification of 
Nrf2-signaling pathway in testes and attenuates spermatogenesis and 

https://doi.org/10.1186/s12906-024-04711-y
https://doi.org/10.1186/s12906-024-04711-y
https://doi.org/10.3109/19396360903582216
https://doi.org/10.1016/j.reprotox.2017.07.021
https://doi.org/10.1016/j.reprotox.2017.07.021
http://www.iempam.bas.bg/journals/acta/arhiv/acta25a/108-116.pdf
http://www.iempam.bas.bg/journals/acta/arhiv/acta25a/108-116.pdf
https://pubmed.ncbi.nlm.nih.gov/32466586
https://pubmed.ncbi.nlm.nih.gov/32466586
https://doi.org/10.3389/fgene.2020.00527
https://doi.org/10.1002/jat.4055
https://doi.org/10.1007/s12011-023-04038-8
https://doi.org/10.1007/s12011-023-04038-8
https://doi.org/10.2741/a146
https://doi.org/10.1111/j.1600-0897.2007.00559.x
https://doi.org/10.1016/j.fertnstert.2009.12.041
https://doi.org/10.4061/2011/686137
https://doi.org/10.4061/2011/686137
https://doi.org/10.1155/2F2019/2F3429635


Page 12 of 14Mahmoud et al. BMC Complementary Medicine and Therapies          (2024) 24:409 

steroidogenesis in rats exposed to cadmium during adulthood. Drug Des 
Devel Ther. 2019;13:2811–24. https:// doi. org/ 10. 2147/ dddt. s1984 44.

 14. Abdeen A, Abou-Zaid OA, Abdel-Maksoud HA, Aboubakr M, Abdelkader 
A, Abdelnaby A, et al. Cadmium overload modulates piroxicam-regulated 
oxidative damage and apoptotic pathways. Environ Sci Pollut Res Int. 
2019;26(24):25167–77. https:// doi. org/ 10. 1007/ s11356- 019- 05783-x.

 15. Hall JE. Guyton and Hall Textbook of Medical Physiology e-Book. Philadel-
phia: Elsevier Health Sciences; 2010.

 16. Ghosal S, Chakraborty I, Pradhan NK. Jussiaea repens (L) induced morpho-
logical alterations in epididymal spermatozoa of rat. Int J Pharm Sci Rev 
Res. 2013;22(2):288–95. https:// globa lrese archo nline. net/ journ alcon tents/ 
v22-2/ 52. pdf.

 17. Wright C, Milne S, Leeson H. Sperm DNA damage caused by oxidative 
stress: modifiable clinical, lifestyle and nutritional factors in male infertil-
ity. Reprod Biomed Online. 2014;28(6):684–703. https:// doi. org/ 10. 1016/j. 
rbmo. 2014. 02. 004.

 18. Codrington AM, Hales BF, Robaire B. Spermiogenic germ cell phase-
specific DNA damage following cyclophosphamide exposure. J Androl. 
2004;25(3):354–62. https:// doi. org/ 10. 1002/j. 1939- 4640. 2004. tb028 00.x.

 19. Baumgartner A, Cemeli E, Anderson D. The comet assay in male repro-
ductive toxicology. Cell Biol Toxicol. 2009;25(1):81–98. https:// doi. org/ 10. 
1007/ s10565- 007- 9041-y.

 20. Oduwole OO, Peltoketo H, Huhtaniemi IT. Role of follicle-stimulating 
hormone in spermatogenesis. Front Endocrinol (Lausanne). 2018;9:763. 
https:// doi. org/ 10. 3389/ fendo. 2018. 00763.

 21. Simoni M, Huhtaniemi I, Santi D, Casarini L. Editorial: follicle stimulating 
hormone: fertility and beyond. Front Endocrinol (Lausanne). 2019;10:610. 
https:// doi. org/ 10. 3389/ fendo. 2019. 00610.

 22. Hachfi L, Sakly R. Effect of Cd transferred via food product on spermato-
genesis in the rat. Andrologia. 2010;42(1):62–4. https:// doi. org/ 10. 1111/j. 
1439- 0272. 2009. 00965.x.

 23. Lafuente A, González-Carracedo A, Romero A, Cano P, Esquifino AI. Cad-
mium exposure differentially modifies the circadian patterns of norepi-
nephrine at the median eminence and plasma LH. FSH and testosterone 
levels Toxicol Lett. 2004;146(2):175–82. https:// doi. org/ 10. 1016/j. toxlet. 
2003. 10. 004.

 24. Wang J, Zhu H, Lin S, Wang K, Wang H, Liu Z. Protective effect of narin-
genin against cadmium-induced testicular toxicity in male SD rats. J Inorg 
Biochem. 2021;214: 111310. https:// doi. org/ 10. 1016/j. jinor gbio. 2020. 
111310.

 25. Zaidi SK, Shen WJ, Cortez Y, Bittner S, Bittner A, et al. SOD2 deficiency-
induced oxidative stress attenuates steroidogenesis in mouse ovarian 
granulosa cells. Mol Cell Endocrinol. 2021;519:110888. https:// doi. org/ 10. 
1016/j. mce. 2020. 110888.

 26. Kunsch C, Medford RM. Oxidative stress as a regulator of gene expression 
in the vasculature. Circ Res. 1999;85(8):753–66. https:// doi. org/ 10. 1161/ 
01. res. 85.8. 753.

 27. Hussain T, Kandeel M, Metwally E, et al. Unraveling the harmful effect of 
oxidative stress on male fertility: a mechanistic insight. Front Endocrinol 
(Lausanne). 2023;14:1070692. https:// doi. org/ 10. 3389/ fendo. 2023. 10706 92.

 28. Abu Zeid IM, Al-Asmari KM, Altayb HN, Al-Attar AM, Qahl SH, Alomar MY. 
Predominance of antioxidants in some edible plant oils in ameliorating 
oxidative stress and testicular toxicity induced by malathion. Life (Basel). 
2022;12(3):350. https:// doi. org/ 10. 3390/ life1 20303 50.

 29. Liu Q, Lei Z, Dai M, Wang X, Yuan Z. Toxic metabolites, Sertoli cells and 
Y chromosome related genes are potentially linked to the reproductive 
toxicity induced by mequindox. Oncotarget. 2017;8:87512–28. https:// 
doi. org/ 10. 18632/ oncot arget. 20916.

 30. Alahmadi BA. Effect of herbal medicine on fertility potential in experi-
mental animals - an update review. Mater Sociomed. 2020;32(2):140–7. 
https:// doi. org/ 10. 5455/ msm. 2020. 32. 140- 147.

 31. Jawhari FZ, El Moussaoui A, Bourhia M, et al. Anacyclus pyrethrum (L): 
chemical composition, analgesic, anti-inflammatory, and wound healing 
properties. Molecules. 2020;25(22):5469. https:// doi. org/ 10. 3390/ molec 
ules2 52254 69.

 32. Jawhari FZ, Moussaoui AEL, Bourhia M, et al. Anacyclus pyre-
thrum var. pyrethrum (L.) and Anacyclus pyrethrum var. depressus (Ball) 
Maire: correlation between total phenolic and flavonoid contents with 
antioxidant and antimicrobial activities of chemically characterized 
extracts. Plants. 2021;10(1):149. https:// doi. org/ 10. 3390/ plant s1001 0149.

 33. Elazzouzi H, Fadili K, Cherrat A, et al. Phytochemistry, biological and phar-
macological activities of the Anacyclus pyrethrum (L.) Lag: a systematic 
review. Plants. 2022;11(19):2578. https:// doi. org/ 10. 3390/ plant s1119 2578.

 34. Sharma V, Thakur M, Chauhan NS, et al. Evaluation of the anabolic, aphro-
disiac and reproductive activity of Anacyclus pyrethrum DC in male rats. 
Sci Pharm. 2009;77(1):97–110. https:// doi. org/ 10. 3797/ sciph arm. 0808- 14.

 35. Sharma V, Boonen J, Spiegeleer BD, Dixit VK. Androgenic and spermato-
genic activity of alkylamide-rich ethanol solution extract of Anacyclus 
pyrethrum DC. Phytother Res. 2013;27(1):99–106. https:// doi. org/ 10. 1002/ 
ptr. 4697.

 36. Kalim MD, Bhattacharyya D, Banerjee A, Chattopadhyay S. Oxidative DNA 
damage preventive activity and antioxidant potential of plants used in 
Unani system of medicine. BMC Complement Altern Med. 2010;10:77–87. 
http:// www. biome dcent ral. com/ 1472- 6882/ 10/ 77.

 37. Pahuja M, Mehla J, Reeta KH, Tripathi M, Gupta YK. Effect of Anacyclus 
pyrethrum on pentylenetetrazole-induced kindling, spatial memory, 
oxidative stress and rho-kinase II expression in mice. Neurochem Res. 
2013;38(3):547–56. https:// doi. org/ 10. 1007/ s11064- 012- 0947-2.

 38. Kerboua KA, Benosmane L, Namoune S, et al. Anti-inflammatory and anti-
oxidant activity of the hot water-soluble polysaccharides from Anacyclus 
pyrethrum (L.) Lag. roots. J Ethnopharmacol. 2021;281:114491. https:// doi. 
org/ 10. 1016/j. jep. 2021. 114491.

 39. Bahri H, El Idrissi A, Rotando S, Tazi B. Antioxidant and anti-cancer activi-
ties of Anacyclus pyrethrum root extracts. Academia Journal of Medicinal 
Plants. 2019;7(12):269–77. https:// doi. org/ 10. 15413/ ajmp. 2019. 0168.

 40. Singh S, Singh TG, Rehni AK. An insight into molecular mechanisms and 
novel therapeutic approaches in epileptogenesis. CNS Neurol Disord 
Drug Targets. 2020;19(10):750–79. https:// doi. org/ 10. 2174/ 18715 27319 
66620 09101 53827.

 41. Tyagi S, Mansoori MH, Singh NK, Shivhare MK. Antidiabetic effect of 
Anacyclus pyrethrum DC in Alloxan induced diabetic rats. Europ J Biol Sci. 
2011;3(4):117–20. https:// www. idosi. org/ ejbs/3% 284% 2911/4. pdf.

 42. Baslam A, Azraida H, Aboufatima R, Ait-El-Mokhtar M, Dilagui I, Boussaa S, 
Chait A, Baslam M. Trihexyphenidyl alters its host’s metabolism, neurobe-
havioral patterns, and gut microbiome feedback loop—the modulating 
role of Anacyclus pyrethrum. Antioxidants. 2024;13(1):26. https:// doi. org/ 
10. 3390/ antio x1301 0026.

 43. Baslam A, Kabdy H, Aitlaaradia M, Laadraroui J, Oufquir S, Aboufatima R, 
Boussaa S, Chait A. Therapeutic potential of Anacyclus pyrethrum aqueous 
extract in managing Clonazepam withdrawal in rats. J Appl Pharm Sci. 
2024;14(04):081–91. https:// doi. org/ 10. 7324/ JAPS. 2024. 159479.

 44. Suresh V, Kirankumar SI, Shahjahan A, Jamuna S, Rangasamy K, Macrin 
D, ArulJothi KN. Systematic detoxification of copper-induced toxicity by 
methanolic extracts of Anacyclus pyrethrum (L) in Zebrafish model. The 
Nat Prod J. 2024;14:e120624230976. https:// doi. org/ 10. 2174/ 01221 03155 
30814 22406 02120 718.

 45. Sharma V, Thakur M, Chauhan NS, Dixit VK. Effects of petroleum extract of 
Anacyclus pyrethrum DC. on sexual behavior in male rats. Zhong Xi Yi Jie 
He Xue Bao. 2010;8(8):767–73. https:// doi. org/ 10. 3736/ jcim2 01008 07.

 46. Shahraki MR, Shahraki S, Arab MR, Shahrakipour M. The effects of aqueous 
extract of Anacyclus pyrethrum on sperm count and reproductive organs 
in adult male rats. Zahedan J Res Med Sci. 2015;17(2):42–6. https:// appli 
catio ns. emro. who. int/ imemrf/ Zahed an_J_ Res_ Med_ Sci/ Zahed an_J_ 
Res_ Med_ Sci_ 2015_ 17_2_ 42_ 46. pdf.

 47. El-Kholy WM, Hemieda FAE, El-Zarif NA. Protective effect of aqueous 
extract of Anacyclus pyrethrum root on atrazine-induced male reproduc-
tive disorders in rats. Int J of Adv Res. 2015;3(10):1701–15. https:// www. 
journ alijar. com/ uploa ds/ 960_ IJAR- 7588. pdf.

 48. Rad JS, Shahraki S, Rostami FM, Shahraki MR, Arab MR. Effects of aqueous 
root extracts of Anacyclus pyrethrum on gonadotropins and testoster-
one serum in adult male rats. American J Phytomedicine Clin Therap. 
2014;2:767–72. https:// api. seman ticsc holar. org/ Corpu sID: 20848 505.

 49. Shahraki MR, Dehvari J, Shahrakipoo M, Shahreki E, Sharaki RA, Dashipour 
AR. The effects of Anacyclus pyrethrum alcoholic root extract on FSH, LH, 
testosterone and sperm count in diabetic male rats. Zahedan J Res Med 
Sci. 2019;21:e88515. https:// doi. org/ 10. 5812/ zjrms. 88515.

 50. Haghmorad D, Mahmoudi MB, Haghighi P, et al. Improvement of fertility 
parameters with Tribulus Terrestris and Anacyclus Pyrethrum treatment in 
male rats. Int Braz J Urol. 2019;45(5):1043–54. https:// doi. org/ 10. 1590/ 
S1677- 5538. IBJU. 2018. 0843.

https://doi.org/10.2147/dddt.s198444
https://doi.org/10.1007/s11356-019-05783-x
https://globalresearchonline.net/journalcontents/v22-2/52.pdf
https://globalresearchonline.net/journalcontents/v22-2/52.pdf
https://doi.org/10.1016/j.rbmo.2014.02.004
https://doi.org/10.1016/j.rbmo.2014.02.004
https://doi.org/10.1002/j.1939-4640.2004.tb02800.x
https://doi.org/10.1007/s10565-007-9041-y
https://doi.org/10.1007/s10565-007-9041-y
https://doi.org/10.3389/fendo.2018.00763
https://doi.org/10.3389/fendo.2019.00610
https://doi.org/10.1111/j.1439-0272.2009.00965.x
https://doi.org/10.1111/j.1439-0272.2009.00965.x
https://doi.org/10.1016/j.toxlet.2003.10.004
https://doi.org/10.1016/j.toxlet.2003.10.004
https://doi.org/10.1016/j.jinorgbio.2020.111310
https://doi.org/10.1016/j.jinorgbio.2020.111310
https://doi.org/10.1016/j.mce.2020.110888
https://doi.org/10.1016/j.mce.2020.110888
https://doi.org/10.1161/01.res.85.8.753
https://doi.org/10.1161/01.res.85.8.753
https://doi.org/10.3389/fendo.2023.1070692
https://doi.org/10.3390/life12030350
https://doi.org/10.18632/oncotarget.20916
https://doi.org/10.18632/oncotarget.20916
https://doi.org/10.5455/msm.2020.32.140-147
https://doi.org/10.3390/molecules25225469
https://doi.org/10.3390/molecules25225469
https://doi.org/10.3390/plants10010149
https://doi.org/10.3390/plants11192578
https://doi.org/10.3797/scipharm.0808-14
https://doi.org/10.1002/ptr.4697
https://doi.org/10.1002/ptr.4697
http://www.biomedcentral.com/1472-6882/10/77
https://doi.org/10.1007/s11064-012-0947-2
https://doi.org/10.1016/j.jep.2021.114491
https://doi.org/10.1016/j.jep.2021.114491
https://doi.org/10.15413/ajmp.2019.0168
https://doi.org/10.2174/1871527319666200910153827
https://doi.org/10.2174/1871527319666200910153827
https://www.idosi.org/ejbs/3%284%2911/4.pdf
https://doi.org/10.3390/antiox13010026
https://doi.org/10.3390/antiox13010026
https://doi.org/10.7324/JAPS.2024.159479
https://doi.org/10.2174/0122103155308142240602120718
https://doi.org/10.2174/0122103155308142240602120718
https://doi.org/10.3736/jcim20100807
https://applications.emro.who.int/imemrf/Zahedan_J_Res_Med_Sci/Zahedan_J_Res_Med_Sci_2015_17_2_42_46.pdf
https://applications.emro.who.int/imemrf/Zahedan_J_Res_Med_Sci/Zahedan_J_Res_Med_Sci_2015_17_2_42_46.pdf
https://applications.emro.who.int/imemrf/Zahedan_J_Res_Med_Sci/Zahedan_J_Res_Med_Sci_2015_17_2_42_46.pdf
https://www.journalijar.com/uploads/960_IJAR-7588.pdf
https://www.journalijar.com/uploads/960_IJAR-7588.pdf
https://api.semanticscholar.org/CorpusID:20848505
https://doi.org/10.5812/zjrms.88515
https://doi.org/10.1590/S1677-5538.IBJU.2018.0843
https://doi.org/10.1590/S1677-5538.IBJU.2018.0843


Page 13 of 14Mahmoud et al. BMC Complementary Medicine and Therapies          (2024) 24:409  

 51. Aponte PM, Gutierrez-Reinoso MA, Garcia-Herreros M. Bridging the gap: 
animal models in next-generation reproductive technologies for male 
fertility preservation. Life. 2024;14(1):17. https:// doi. org/ 10. 3390/ life1 
40100 17.

 52. Akunna GG, Lucyann CA. Before the study begins: infertility considera-
tions in wistar rat models. Am J Biomed Sci & Res. 2023;20(4):400–4. 
https:// doi. org/ 10. 34297/ AJBSR. 2023. 20. 002722.

 53. Manouze H, Bouchatta O, Gadhi AC, Bennis M, Sokar Z, Ba-M’hamed S. 
Anti-inflammatory, antinociceptive, and antioxidant activities of metha-
nol and aqueous extracts of Anacyclus pyrethrum roots. Front Pharmacol. 
2017;8:598. https:// doi. org/ 10. 3389/ fphar. 2017. 00598.

 54. Basal WT, Issa AM, Abdelalem O, Omar AR. Salvia officinalis restores semen 
quality and testicular functionality in cadmium-intoxicated male rats. Sci 
Rep. 2023;13:20808. https:// doi. org/ 10. 1038/ s41598- 023- 45193-1.

 55. Chen L, Zhou J, Gao W, Jiang YZ. Action of NO and TNF-alpha release 
of rats with cadmium loading in malfunction of multiple system organ. 
Sheng Li Xue Bao. 2003;55(5):535–40. https:// pubmed. ncbi. nlm. nih. gov/ 
14566 400/.

 56. El-Magd MA, Kahilo KA, Nasr NE, Kamal T, Shukry M, Saleh AA. A potential 
mechanism associated with lead-induced testicular toxicity in rats. 
Andrologia. 2016;49(9):e12750. https:// doi. org/ 10. 1111/ and. 12750.

 57. Yokoi K, Uthus EO, Nielsen FH. Nickel deficiency diminishes sperm 
quantity and movement in rats. Biol Trace Elem Res. 2003;93(1–3):141–54. 
https:// doi. org/ 10. 1385/ bter: 93:1- 3: 141.

 58. Okamura A, Kamijima M, Shibata E, Ohtani K, Takagi K, Ueyama J, Naka-
jima T. A comprehensive evaluation of the testicular toxicity of dichlorvos 
in Wistar rats. Toxicology. 2005;213(1–2):129–37. https:// doi. org/ 10. 1016/j. 
tox. 2005. 05. 015.

 59. Tice RR, Agurell E, Anderson D, Burlinson B, Hartmann A, Kobayashi H, 
Miyamae Y, Rojas E, Ryu JC, Sasaki YF. Single cell gel/comet assay: guide-
lines for in vitro and in vivo genetic toxicology testing. Environ Mol Muta-
gen. 2000;35(3):206–21. https:// doi. org/ 10. 1002/ (sici) 1098- 2280(2000) 
35:3% 3c206:: aid- em8% 3e3.0. co;2-j.

 60. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by 
thiobarbituric acid reaction. Anal Biochem. 1979;95:351–8. https:// doi. 
org/ 10. 1016/ 0003- 2697(79) 90738-3.

 61. Nishikimi M, Roa NA, Yogi K. Occurrence of superoxide anion in the reac-
tion of reduced phenazine methosulfate and oxygen. Biochem Biophys 
Res Commun. 1972;46:849–54. https:// doi. org/ 10. 1016/ S0006- 291X(72) 
80218-3.

 62. Paglia DE, Valentine WN. Studies on the quantitative and qualitative 
characterization of erythrocyte glutathione peroxidase. J Lab Clin Med. 
1967;70(1):158–69 PMID: 6066618.

 63. Mahdi KS, Al-Hady FNA. Effect of Repaglinide and metformin as anti-
diabetic drugs on fertility and sex hormonal levels of male albino rats. 
Ann Romanian Soc Cell Biol. 2021;17:5874–95 [PDF].

 64. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using 
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 
2001;25(4):402–8. https:// doi. org/ 10. 1006/ meth. 2001. 1262.

 65. Benoff S, Jacob A, Hurley IR. Male infertility and environmental exposure 
to lead and cadmium. Hum Reprod Update. 2000;6(2):107–21. https:// doi. 
org/ 10. 1093/ humupd/ 6.2. 107.

 66. Wang L, Xu T, Lei WW, et al. Cadmium-Induced Oxidative Stress and Apop-
totic Changes in the Testis of Freshwater Crab, Sinopotamon henanense. 
PLoS One. 2013; 22:8(1). https:// doi. org/ 10. 1371/ journ al. pone. 00278 53

 67. Nemmiche S. Oxidative signaling response to cadmium exposure. Toxicol 
Sci. 2017;156(1):4–10. https:// doi. org/ 10. 1093/ toxsci/ kfw222.

 68. Babaknejad N, Bahrami S, Moshtaghie AA, Nayeri H, Rajabi P, Iranpour FG. 
Cadmium testicular toxicity in male wistar rats: protective roles of zinc 
and magnesium. Biol Trace Elem Res. 2017;185(1):106–15. https:// doi. org/ 
10. 1007/ s12011- 017- 1218-5.

 69. Andjelkovic M, Buha DA, Antonijevic E, Antonijevic B, Stanic M, Kotur-
Stevuljevic J, Spasojevic-Kalimanovska V, Jovanovic M, Boricic N, Wallace 
D, Bulat Z. Toxic effect of acute cadmium and lead exposure in rat blood, 
liver, and kidney. Int J Environ Res Public Health. 2019;16(2):274. https:// 
doi. org/ 10. 3390/ ijerp h1602 0274.

 70. Kumar A, Nikhat JS, Alrashood ST, Khan HA, Dubey A, Sharma B. Protective 
effect of eugenol on hepatic inflammation and oxidative stress induced 
by cadmium in male rats. Biomed Pharmacother. 2021;139:111588. 
https:// doi. org/ 10. 1016/j. biopha. 2021. 111588.

 71. Venkatesh S, Deecaraman M, Kumar R, Shamsi MB, Dada R. Role of reac-
tive oxygen species in the pathogenesis of mitochondrial DNA (mtDNA) 
mutations in male infertility. Indian J Med Res. 2009;129(2):127–37 PMID: 
19293438.

 72. Nsonwu-Anyanwu AC, Ekong ER, Offor SJ, et al. Heavy metals, biomark-
ers of oxidative stress and changes in sperm function: A case-control 
study. Int J Reprod Biomed. 2019;17(3):163–74. https:// doi. org/ 10. 
18502/ ijrm. v17i3. 4515.

 73. Ban TS. Effects of cadmium on sperm parameters, histological and 
hormonal changes in testes of mature rats. Iraqi J Embr Infertil Res. 
2013;3(6):38–43. https:// www. iasj. net/ iasj/ artic le/ 131889.

 74. Krzastek SC, Farhi J, Gray M, Smith RP. Impact of environmental toxin 
exposure on male fertility potential. Transl Androl Urol. 2020;9(6):2797–
813. https:// doi. org/ 10. 21037/ tau- 20- 685.

 75. Evgeni E, Charalabopoulos K, Asimakopoulos B. Human sperm DNA 
fragmentation and its correlation with conventional semen param-
eters. J Reprod Infertil. 2014;15(1):2–14 PMID: 24696791.

 76. Dang Y, Li Z, Luo B, Pan L, Wei Q, Zhang Y. Protective effects of apigenin 
against acrylonitrile-induced subchronic sperm injury in rats. Food and 
Chem Toxico. 2017;109:517–25. https:// doi. org/ 10. 1016/j. fct. 2017. 09. 
025.

 77. Nna VU, Ujaha GA, Mohamed M, Etima KB, Igbaa BO, et al. Cadmium 
chloride–induced testicular toxicity in male Wistar rats; prophylactic 
effect of quercetin, and assessment of testicular recovery following 
cadmium chloride withdrawal. Biomed Pharmacother. 2017;94:109–
1232017. https:// doi. org/ 10. 1016/j. biopha. 2017. 07. 087.

 78. Hasanein P, Fazeli F, Parviz M, Roghani M. Ferulic acid prevents lead-
induced testicular oxidative stress and suppressed spermatogenesis in 
rats. Andrologia. 2018;50:e12798. https:// doi. org/ 10. 1111/ and. 12798.

 79. Owumi SE, Arunsi UO, Anaikor RA, Adaramoye OA, Oyelere AK. Chloro-
genic acid co-administration abates tamoxifen-mediated reproductive 
toxicities in male rats: an experimental approach. J Food Biochem. 
2021;45:e13615. https:// doi. org/ 10. 1111/ jfbc. 13615.

 80. Osawe SO, Farombi EO. Quercetin and rutin ameliorates sulphasala-
zine-induced spermiotoxicity, alterations in reproductive hor-
mones and steroidogenic enzyme imbalance in rats. Andrologia. 
2018;50:e12981. https:// doi. org/ 10. 1111/ and. 12981.

 81. Jaz MU, Anwar H, Iqbal S, et al. Protective effect of myricetin on 
nonylphenol-induced testicular toxicity: biochemical, steroido-
genic, hormonal, spermatogenic, and histological-based evidences. 
Environ Sci Pollut Res. 2021;28:22742–57. https:// doi. org/ 10. 1007/ 
s11356- 020- 12296-5.

 82. Khafaji SS. Antioxidant, anti-inflammatory, and anti-reprotoxic effects of 
kaempferol and vitamin E on lead acetate-induced testicular toxicity in 
male rats. Open Veter J. 2023;13(12):1683–95. https:// doi. org/ 10. 5455/ 
OVJ. 2023. v13. i12. 17.

 83. Mohammadi Z, Alaee S, Namavar MR, Khodabandeh Z, Nahid Ahmadi 
N, et al. The antioxidant properties of resveratrol on sperm parameters, 
testicular tissue, antioxidant capacity, and lipid peroxidation in isoflurane-
induced toxicity in mice. Hum Exp Toxicol. 2023;42:09603271231215036. 
https:// doi. org/ 10. 1177/ 09603 27123 12150 36.

 84. Iqbal T, Cao M, Zhao Z, Zhao Y, Chen L, Chen T, Li C, Zhou X. Damage to 
the testicular structure of rats by acute oral exposure of cadmium. Int J 
Environ Res Public Health. 2021;18(11):6038. https:// doi. org/ 10. 3390/ 2Fije 
rph18 116038.

 85. Kozics K, Klusova V, Rančíková A, Mučaji P, Slameňová D, Hunáková L, 
Barbara K, Horváthová E. Effects of Salvia officinalis and Thymus vulgaris 
on oxidant-induced DNA damage and antioxidant status in HepG2 cells. 
Food Chem. 2013;141(3):2198–206. https:// doi. org/ 10. 1016/j. foodc hem. 
2013. 04. 089.

 86. Jahan S, Rehman S, Ullah H, Munawar A, Ain QU, Iqbal T. Ameliora-
tive effect of quercetin against arsenic-induced sperm DNA damage 
and daily sperm production in adult male rats. Drug Chem Toxicol. 
2015;39(3):290–6. https:// doi. org/ 10. 3109/ 01480 545. 2015. 11017 72.

 87. Raisi A, Davoodi F, Mohammadi R. Protective effects of rosmarinic acid 
on testicular torsion detorsion in an animal model. Iran J Vet Surg. 
2022;17(2):80–6. https:// doi. org/ 10. 30500/ IVSA. 2022. 327175. 1293.

 88. Onuoha SC, Ezim OE, Chisom NE, Chukwuebuka CB, Abarikwu SO. 
Combined protective effects of quercetin, rutin, and gallic acid against 
cadmium-induced testicular damages in young-adult rats. Andrologia. 
2023;9787664:13. https:// doi. org/ 10. 1155/ 2023/ 97876 64.

https://doi.org/10.3390/life14010017
https://doi.org/10.3390/life14010017
https://doi.org/10.34297/AJBSR.2023.20.002722
https://doi.org/10.3389/fphar.2017.00598
https://doi.org/10.1038/s41598-023-45193-1
https://pubmed.ncbi.nlm.nih.gov/14566400/
https://pubmed.ncbi.nlm.nih.gov/14566400/
https://doi.org/10.1111/and.12750
https://doi.org/10.1385/bter:93:1-3:141
https://doi.org/10.1016/j.tox.2005.05.015
https://doi.org/10.1016/j.tox.2005.05.015
https://doi.org/10.1002/(sici)1098-2280(2000)35:3%3c206::aid-em8%3e3.0.co;2-j
https://doi.org/10.1002/(sici)1098-2280(2000)35:3%3c206::aid-em8%3e3.0.co;2-j
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/S0006-291X(72)80218-3
https://doi.org/10.1016/S0006-291X(72)80218-3
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1093/humupd/6.2.107
https://doi.org/10.1093/humupd/6.2.107
https://doi.org/10.1371/journal.pone.0027853
https://doi.org/10.1093/toxsci/kfw222
https://doi.org/10.1007/s12011-017-1218-5
https://doi.org/10.1007/s12011-017-1218-5
https://doi.org/10.3390/ijerph16020274
https://doi.org/10.3390/ijerph16020274
https://doi.org/10.1016/j.biopha.2021.111588
https://doi.org/10.18502/ijrm.v17i3.4515
https://doi.org/10.18502/ijrm.v17i3.4515
https://www.iasj.net/iasj/article/131889
https://doi.org/10.21037/tau-20-685
https://doi.org/10.1016/j.fct.2017.09.025
https://doi.org/10.1016/j.fct.2017.09.025
https://doi.org/10.1016/j.biopha.2017.07.087
https://doi.org/10.1111/and.12798
https://doi.org/10.1111/jfbc.13615
https://doi.org/10.1111/and.12981
https://doi.org/10.1007/s11356-020-12296-5
https://doi.org/10.1007/s11356-020-12296-5
https://doi.org/10.5455/OVJ.2023.v13.i12.17
https://doi.org/10.5455/OVJ.2023.v13.i12.17
https://doi.org/10.1177/09603271231215036
https://doi.org/10.3390/2Fijerph18116038
https://doi.org/10.3390/2Fijerph18116038
https://doi.org/10.1016/j.foodchem.2013.04.089
https://doi.org/10.1016/j.foodchem.2013.04.089
https://doi.org/10.3109/01480545.2015.1101772
https://doi.org/10.30500/IVSA.2022.327175.1293
https://doi.org/10.1155/2023/9787664


Page 14 of 14Mahmoud et al. BMC Complementary Medicine and Therapies          (2024) 24:409 

 89. Najafi A, Mohammadi H, Sharifi SD, et al. Apigenin supplementation 
substantially improves rooster sperm freezability and post-thaw function. 
Sci Rep. 2024;14:4527. https:// doi. org/ 10. 1038/ s41598- 024- 55057-x.

 90. Al-Azemi M, Omu FE, Kehinde EO, Anim JT, Oriowo MA, Omu AE. Lithium 
protects against toxic effects of cadmium in the rat testes. J Assist Reprod 
Genet. 2010;27(8):469–76. https:// doi. org/ 10. 1007/ s10815- 010- 9426-3.

 91. Ahmed MM, El-Shazly SA, Alkafafy ME, Mohamed AA, Mousa AA. Protec-
tive potential of royal jelly against cadmium-induced infertility in male 
rats. Andrologia. 2018;50(5):e12996. https:// doi. org/ 10. 1111/ and. 12996.

 92. Akomolafe SF, Oboh G. Walnut leaf extract acts as a fertility agent in male 
Wistar albino rats – A search for herbal male fertility enhancer. J Comple-
ment Integr Med. 2017; 15(2). https:// doi. org/ 10. 1515/ jcim- 2017- 0076.

 93. Wu X, Guo X, Wang H, et al. A brief exposure to cadmium impairs Leydig 
cell regeneration in the adult rat testis. Sci Rep. 2017;7(1):6337. https:// 
doi. org/ 10. 1038/ s41598- 017- 06870-0.

 94. Li X, Liu J, Wu S, et al. In utero single low-dose exposure of cadmium 
induces rat fetal Leydig cell dysfunction. Chemosphere. 2018;194:57–66. 
https:// doi. org/ 10. 1016/j. chemo sphere. 2017. 11. 159.

 95. Hou S, Xian L, Shi P, Li C, Lin Z, Gao X. The Magea gene cluster regulates 
male germ cell apoptosis without affecting the fertility in mice. Sci Rep. 
2016;6:26735. https:// doi. org/ 10. 1038/ srep2 6735.

 96. Bhardwaj JK, Paliwal A, Saraf P. Effects of heavy metals on reproduction 
owing to infertility. J Biochem Mol Toxicol. 2021;35(8):e22823. https:// doi. 
org/ 10. 1002/ jbt. 22823.

 97. Yi L, Dai J, Chen Y, et al. Reproductive toxicity of cadmium in pubertal 
male rats induced by cell apoptosis. Toxicol Ind Health. 2021;37(8):469–
80. https:// doi. org/ 10. 1177/ 07482 33721 10226 15.

 98. Khazaeel K, Daaj SAZ, Sadeghi A, Tabandeh MR, Basir Z. Potential 
protective effect of quercetin on the male reproductive system against 
exposure of Wistar rats to crude oil vapor: genetic, biochemical, and 
histopathological evidence. Reprod Toxicol. 2022;113:10–7. https:// doi. 
org/ 10. 1016/j. repro tox. 2022. 08. 001.

 99. Nabil I, Eid AA, Yassin HA, Abouelrous RA, Solaiman AA. Protective role of 
hesperidin in finasteride-induced testicular toxicity in adult male Wistar 
rats: insights into oxidative stress, apoptosis, and ultrastructure of seminif-
erous tubules. Reprod Toxicol. 2024;124:108535. https:// doi. org/ 10. 1016/j. 
repro tox. 2024. 108535.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1038/s41598-024-55057-x
https://doi.org/10.1007/s10815-010-9426-3
https://doi.org/10.1111/and.12996
https://doi.org/10.1515/jcim-2017-0076
https://doi.org/10.1038/s41598-017-06870-0
https://doi.org/10.1038/s41598-017-06870-0
https://doi.org/10.1016/j.chemosphere.2017.11.159
https://doi.org/10.1038/srep26735
https://doi.org/10.1002/jbt.22823
https://doi.org/10.1002/jbt.22823
https://doi.org/10.1177/07482337211022615
https://doi.org/10.1016/j.reprotox.2022.08.001
https://doi.org/10.1016/j.reprotox.2022.08.001
https://doi.org/10.1016/j.reprotox.2024.108535
https://doi.org/10.1016/j.reprotox.2024.108535

	Anacyclus pyrethrum enhances fertility in cadmium-intoxicated male rats by improving sperm functions
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Materials
	Preparation and identification of Anacyclus pyrethrum extract
	Experimental animals
	Experimental design
	Sperm motility and concentration
	Sperm viability and morphology
	Evaluation of DNA fragmentation using comet assay
	Assessment of oxidative stress markers
	Hormonal assay
	Determining fold change of hormonal receptors and apoptotic genes using real time PCR
	Statistical analysis

	Results
	Identification of Anacyclus pyrethrum methanolic extract using HPLC
	Semen analysis
	Sperm motility and concentration

	Sperm viability and morphology
	Sperm lipid peroxidation and antioxidant activities
	Reproductive hormones levels (FSH, LH and T)
	Fold change of FSHR, LHR and AR genes
	Assessment of sperm DNA fragmentation by comet assay (single cell gel electrophoresis, SCGE)
	Apoptotic and pro-apoptotic gene fold changes (Bax and Bcl2)

	Discussion
	Conclusion
	References


